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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
me original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
• ; • FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHQTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY, 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 
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xe^x_^corpqration:. 

"or Xerox 'SquiueARochester. New York State, 
United States o: America, a body corporate 
organized under ;he hws the State of New 
York, United Writes of America, do hereby 
declare the invention, for which we prav that 
a patent may be eranted to us, and the method 
by which it ib- ■■: be performed, to be particu- 
larly described hi nnd by the following state- 
ment : — 

This inven ' 
for forming 
an optical sy 



tion reiates to an optical system 
ima^e; and mere speciiicaily to 
stem capable cf super-imncsine 



separate images 
the imaging vol 
There are" rm 
desired to super 



a co minor 



line 



or area at 



my applications wherein it is 
impose images obtained from 
two separate originals on a common line cr 
area at an imaging point. One such applica- 
tion is in a photoclectrophoretic imaging 
system which is described in detail in U.S. 
Patents Nos. 3,383,993; 3,384,565 and 
3,384,566. In photoelectrophoretic imaging, 
generally speaking, a layer of an imaging sus- 
pension comprising electrically photosensitive 
pigment particle? in a carrier liquid is arranged 
between two eleetrodes, one of which is at 
least partially transparent, exposed to an image- 
wise pattern of activating electromagnetic 
radiation corresponding to an original image 
to be reproduced and subjected to an electric 
field whereby complementary images are 
formed on the surfaces of the electrodes. 

Typically the imaging area is smaller than 
the area of the imaging suspension in order to 
ensure that the complete image is reproduced. 
However this usually results in a dark or 
colored border being formed around the repro- 
duced image which is undesirable in a com- 
mercial imaging system. Thus, it would be 
desirable to be able to project a white border 
simultaneously with the projection of the 
original image on the suspension layer. 

Previously known schemes for accomplish- 
ing superimposition of images at a common 
imaging point hr.ving typically utilized beam 
splitters. However beam splitter arrangements, 
as is well known, typically work at less than 



^9%^ Ci ^ Ic ^^^^ a desired level 

of illumination zz the imaging plane roughly 50 
twice that desired illuminance must be pro- 
vided to ^ illuminate the original image. In a 
commercial imaging system an optical arrange- 
ment which operates at less than 50V.. 
crncieiicv would require considerably higher 55 
power levels to provide the necessary illumi- 
nance at the imaging point. This type of an 
arrangement would obviously be highly dis- 
jervantageous from an economical viewpoint. 
Furthermore, cooling of the equipment in such 60 
an arrangement could become a troublesome 
problem, necessitating additional apparatus 
and thereby undesirably complicating the 
overall device configuration. Thus, in an in- 
stance _ such as that described above it would 65 
be desirable to have a method for superimpos- 
ing optical images which operates at sub- 
stantially full optical light efficiency. 

According to the invention there is provided 
an optical apparatus including the following 70 
elements disposed along an optical axis: (a) 
an objective lens positioned at a distance here- 
inafter referred to as an object distance from 
an object plane and at a distance hereinafter 
referred to as an image distance from an 75 
image, plane, (b) a plurality of reflecting 
means positioned equidistant between said 
objective lens and said image plane, said 
reflecting means lying symmetrically about 
said optical axis and having their reflecting 80 
surfaces facing said optical axis, and (c) a 
mask disposed adjacent said object plane and 
defining a plurality of apertures for the pas- 
sage through said apertures of light from said 
object plane, each reflecting means correspond- 85 
ing to a different aperture and being separated 
from the optical axis by half the distance by 
which the image of the light from the object 
plane through the corresponding aperture 
would be separated from the optical axis in 90 
the absence of the reflecting means, whereby 
light rays propagating from said object plane 
through said apertures are images at said 
image plane in upright and overlapping posi- 
tion. 95 

Examples of the invention will now be 
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described with reference to the accompanying 
drawings wherein: 

Fig. 1 is a partially schematic cross-sec- 
tional view iiiustrating a preferred embodi- 

5 ment of the invention; and 

Fig. 2 is a partially schematic cross-sec- 
tional view illustrating another preferred 
embodiment of the invention. 

Referring now to Fig. 1 there is seen a 

10 scanning carriage 10 positioned at a film 
plane 11 and which moves in the direction 
indicated by the arrow. The scanning car- 
riage is capable of carrying at least two 
separated original objects, and original 

15 objects 12 and 14 are shown for the purpose 
of illustration. The originals whose images 
which can be superimposed at a common _ 

point~accc rdin'g - to - the" — optic aT system of 

the invention are typically provided in the 

20 form cf transparencies and, in a preferred 
instance, may be a 35 mm original slide and 
a border generating slide. Although the in- 
vention is described, in this illustrative in- 
stance, with respect: to the slit-scanning mode 

25 of operation it should be recognized that 
it may be employed for full frame projec- 
tion without scanning. Adjacent to scanning 
carriage 10 is located a fixed slit mask, 
generally designated 16, having slits IS and 

30 20. Original images 12 and 14 are posi- 
tioned in the scanning carriage so as to 
arrive simultaneously at slits 18 and 20 res- 
pectively. As the scanning carriage transports 
the original images 12 and 14 past slits 18 

35 and 20 respectively, the images are illumin- 
ated by means of light sources 21 located 
behind the scanning carriage. 

Although the invention is being described 
in detail with respect to the superimposition 

40 of original images which are. in the form of 
transparencies it will, of course, be obvious 
to those skilled in the art that when the 
system is utilized to operate with opaque 
documents the light sources 21 will be posi- 

45 tioned on the opposite side of the imaging 
position from that shown. 

The illuminated images at slits 18 and 
20 are viewed by fixed projection lens 22. 
Projection lens 22 typically has a wide 

50 enough field to pick from both of the illumin- 
ated images 12 and 14. The fixed lens 22 
projects the illuminated images to two flat 
mirrors 24 and 26 located equidistant from 
the lens center and the imaging plane 28. 

55 Mirrors 24 and 26 are preferably first sur- 
face mirrors having reflecting surfaces 24' 
and 26' respectively and are mounted plane 
parallel to each other and, to the slits 18 and 
20, and parallel to the optic axis 30 and 

60 equally spaced therefrom. First surface mir- 
rors, i.e. those having a reflecting coating 
on one of the glass surfaces which is usually 
a vacuum deposited aluminum film pro- 
tected by a thin transparent overcoating of 

65 silicon monoxide, are typically necessary to 



prevent "ghost" images from being formed 
at the imaging plane. The mirrors 24 and 
26 reverse the sense of the projected images 
from slits 18 and 20 respectively and direct 
the projected images to the final imaging area 
31 at the imaging plane. Of course any light 
reflecting materials such as, for exmple, 
prisms may be used according to the in- 
vention. Positioned between mirrors 24 and 
26 is optional light baffle 32 which is pre- 
ferably arranged to prevent any undesired 
light from reaching the imaging plane. 

The projected images are directed through 
slit 34 of fixed imaging slit mask 36 and are 
superimposed at the final imaging area 31 
on the image receiving member 35 which is 
located^jutl^irrngm^ 

"receiving member 35 may be any of many 
different materials such as, for example, a 
photoconductive insulating surface, a photo- 
graphic film, a traveling web, etc. Of course 
where the scanning mode of operation is 
practiced and the scanning carriage 10 moves 
in the direction of the arrow, the image re- 
ceiving member 35 will also be moved in 
the direction of the arrow. Alternatively the 
scanning mcde cf operation may dso be 
practiced by holding the scanning carriage 10 
and image receiving member 35 fixed and 
moving the other elements of the apparatus 
with relation to them. 

Any desired magnification can be obtained 
by adjusting the spacing of the various ele- 
ments of the optical system. The following 
discussion concerning the arrangement of the 
elements of the system will be illustrative. 

Let Y designate the spacing between the 
two original transparencies at the viewing 
slits 18 and 20. Then by geometric triangula- 
tion, the spacing between the projected real 
images 40 and 42 will be MY where M is 
the magnification ratio. Also by geometry, 
the spacing between the two mirrors 24 and 
26 and the axis 30 will be 

MY 



X MX F 
where F is the focal length of the lens. Then 
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Using the common lens formulae, the rela- 
tions between object distance, image distance, 
focal length and magnification can be readily 
established as follows: if X represents the 
object distance, then MX will be the image 115 
distance and 
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and MX = F(M-hl) so that one variable can 
be determined if the other two variables are 
known. It is seen that both of the images 
projected by fixed lens 22 to the mirrors 
24 and 26 define an angle « with respect 
to the optic axis 30. Angle a can be expressed 
in terms of X and Y since 



a = tan~ 



2X 



The optical system cf the present inven- 
10 tion can operate at various magnifications :s> 
has been seen. However the system becomes 
large and unwieldy as the ratio of the con- 

jugate— becomes— larger— In— a— preferred- err.- - 

bedirnen: of the invention wherein the novel 
15 optical system is employed to produce en- 
larged reproductions from relatively smsii 
;e.g. 35 mm) transparencies it is particularly 
preferred to use magnifications in the general 
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tem is used to reproduce opaque originals* 3 
magnification ratio of 1 : 1 will usually be pre- 
ferred. For e>:emp:>, document copying 
equipment, either of the scanning type or 
the fuiiframe exposure type typically requires 
25 the copy to be abour the sa.r^e size as the 
original. Cf course it will bo recogrr.ced ilvzz 
the optical system may be used in a de- 
mag niiic a tic n mode where it is desired to 
form optical images at the imaging plane 
which are smaller than the original objects . 
sought to be superimposed. 

It will be furcher appreciated by those 
skilled in the art that when the slit scan- 
ning mode of operation is practiced with a 
moving scanning carriage and a moving 
optical image receiving member and the sys- 
tem is arranged for a 1:1 magnification 
ratio, the scanning carriage and the optical 
image receiving member will typically be 
moved in the same direction at the S3me 
speed. If the same mode of operation is 
practiced with a different magnification ratio 
then the optical image receiving member will 
typically be moved at a different ratio of 
speed relative to the scanning carriage cor- 
responding to the particular magnification 
ratio used. For example if a magnification 
ratio of about 1:3 is used the optical image 
receiving member will typically be moved at 
a rate about three times faster than the rate 
at which the scanning carriage is moved. 

Fig. 2 illustrates the practice of the in- 
vention in the frame projection mode. The 
apparatus shown in Fig. 2 is similar to that 
shown in Fig. 1 with like elements being 
designated with like numerals. In this mode 
of operation the object carriage and the 
image receiving member are stationary. It 
will be noted that slits 18' and 20' of fixed 
slit mask 16' and slit 34' of fixed imaging 



slit mask 36' are larger than the correspond- 
ing slits in Fig. 1. 

Although the optical system has been des- 
cribed with respect to a preferred embodi- 
ment cf the invention wherein the optical 
system is advantageously utilized to super- 
impose projected images from two separated 
original images it should be recognized that 
it may also be used to generate two identica l 
separated images from a single original 
object. According to this embodiment or the 
invention the apparatus configuration is 
identical with that shown in Fig. 1 and 
Fig. 2 with the exception that the object 
plane and the imaging plane are reversed. 
In ether words the object piane sho wn in 
-the~d r a wi r;£ - b"e"co rrfes~~the ir^gihg~plF:ie and 
the imaging plane becomes the object plsne. 
Of course the l : ghr sources must illuminate 
the original object at the idin plane. 

While the novel optical system has been 
described in detail with respect to simul- 
taneous i u r e r.'m p c ? iti on cf transparencies it 
will be readily apparent ih:-.i the invention 
is not limited to this embodiment. Images 
of iliumin?.ted opaque documents may be 
prcje;ted z:\d superimposed uzing the seme 
opticei elements end arrangements and this 
may be accomplished in cither the moving, 
slit-scannl::-:: mode cf. preferably, the fixed 
full-frame mode. i: will also be apparent that 
a further capability cf the novel optical sys- 
tem resides in the superimpesition of images 
from an illuminated opaque document and 
an iliuminrted transparency. 

WHAT WE CLAIM IS: — 

I. An optical apparatus including the 
following elements disposed along an optical 
axis : 

a) an objective lens positioned at a distance 
hereinafter referred to as an object distance 
from an object plane and at a distance here- 
inafter referred to as an image distance from 
an image plane, 

b) a plurality of reflecting means posi- 
tioned equidistant between said objective lens 
and said image plane, said reflecting means 
lying symmetrically about said optical axis 
and having their reflecting surfaces facing 
said optical axis, and 

c) a mask disposed adjacent said object 
plane and defining a plurality of apertures 
for the passage through said apertures of 
light from said object plane, each reflecting 
means corresponding to a different aperture 
and being separated from the optical axis 
by half the distance by which the image of 
the light from the object plane through the 
corresponding aperture would be separated 
from the optical axis in the absence of the 
reflecting means, whereby light rays pro- 
pagating from said object plane through said 
apertures are imaged at said image plane in 
upright and overlapping position. 
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2. An optical apparatus as claimed in 
claim 1 in which said object distance is a 
value X, said image distance is MX (where 
M equals the lateral magnification of the sys- 
tem), said apertures are spaced apart on 
their centres by a value Y, and said reflect- 
ing means are correspondingly spaced apart 
by a value -l-MY. 

3. An apparatus as claimed in claim 1 or 
claim 2 wherein the magnification ratio is 
from 1:2 to 1:8. 

4. An apparatus as claimed in claim 1 



or claim 2 wherein the magnification ratio is 
1:1. 

5. Optical apparatus substantially as here- 
inbefore described with reference to either 
Figure of the accompanying drawings. 

For the Applicant(s) : — 

A. POOLE & CO., 
Chartered Patent Agents, 
54, New Cavendish Street, 
London, W1M 8HP. 
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